Cholelithiasis is a rare condition in horses that may cause biliary obstruction and consequent hepatic fibrosis. Two horses with a history of icterus were presented for clinical examination. Horse #1, an 18-year-old crossbred gelding, presented inappetence, head pressing, and abnormal gait in both pelvic limbs. Horse #2, a 14-year-old crossbred stallion presented severe cachexia. At necropsy, the liver was firm with prominence of the lobular pattern and a reticular whitish aspect. The common hepatic duct of horse #1 and horse #2 contained, respectively, a 6 cm diameter and numerous 2.5-5 cm diameter choledocholiths. Bile ducts proximal to these were distended with numerous choleliths. Microscopically, diffuse bridging portal fibrosis, feathery degeneration of hepatocytes and bile microgranulomas were observed, besides Alzheimer type II astrocytes in the telencephalic cortex. Secondary biliary hepatic fibrosis may cause hepatic encephalopathy and icterus in horses. Histologically, bridging portal fibrosis, feathery degeneration of hepatocytes and bile microgranulomas are characteristic of this condition.
Introduction
Liver diseases are common causes of illness in older horses [1] ; however, cholelithiasis is a relatively rare condition [2] . Calculi are usually formed simultaneously in biliary ducts and in the common hepatic duct, being referred as choleliths or hepatoliths and choledocholiths, respectively [3] , and are the most common cause of biliary obstruction in horses [4] . Severe bridging fibrosis with bile ducts proliferation are characteristic and consequences of the biliary obstruction [2, 5, 6] .
Cholelithiasis etiopathogenesis is the result of increased concentration and precipitation of unconjugated bilirubin [5] , which occurs due to the increase in hepatic, biliary, pancreatic, or bacterial enzymatic activity. Enteric organisms are frequently isolated from horses with cholelithiasis [3] , such as Salmonella spp., Escherichia coli, Aeromonas spp., Citrobacter spp., and Streptococcus spp. [7] .
This report describes the clinical and pathological features of secondary biliary hepatic fibrosis in two horses caused by cholelithiasis, with subacute pancreatitis and hepatic encephalopathy as consequences.
Case Description

Clinical History
The horse #1, an 18-year-old crossbred gelding was referred for clinical examination with a 1-week history of icterus, intense apathy, inappetence, head pressing, and with abnormal gait in both pelvic limbs. Hemolytic anemia was clinically suspected and this horse was treated with 12% imidocarb dipropionate (5 mLdintramuscularly).
The horse #2, a 14-year-old crossbred stallion was referred for clinical examination with a history of icterus, severe cachexia due to lateral dental malocclusion and hook formation of the first right and left premolar mandibular teeth and last left molar mandibular teeth, leading to ulcers in the gingival and hard palate mucosa. The remaining premolar and molar teeth were severely atrophied and sometimes absent.
Postmortem Diagnostics
Both horses were euthanized because of the clinical conditions and poor prognostic, and were submitted to necropsy immediately after death. Multiple tissue samples were collected, fixed in 10% neutral buffered formalin, processed routinely, and stained with hematoxylin and eosin. Sections of liver and pancreas were also stained with Masson's trichrome. Liver samples and choledocholiths of both horses were plated onto 5% Sheep Blood Agar and MacConkey agar, and incubated for 24h at 37 C. At necropsy, both horses presented the oral and ocular mucosas moderately icteric. The liver of horse #1 was mildly enlarged and exhibited an orange-brown discoloration, whereas horse #2 presented a severe atrophy of the right lateral lobe with a diffusely small liver. Both livers were firm and exhibited multifocal to coalescing white streaks on the capsular surface ( Fig. 1) , and on the cut surface, there was a severe prominence of the lobular pattern with a reticular whitish aspect (Fig. 2) . Horse #1 had a prolapse of major duodenal papilla into duodenal lumen, and the common hepatic duct was markedly enlarged and firm, containing in the lumen a 6 cm diameter rounded yellowish soft choledocholith that weighted approximately 80 g. The common hepatic duct of horse #2 was mildly enlarged and contained numerous 2.5-3.5 cm diameter rounded to irregular yellowish to orange soft choledocholiths. Bile ducts proximal to the choledocholith of both horses were severely distended and contained numerous choleliths. These were irregular shaped, yellowish, firm ranging from 0.1 Â 0.1 Â 0.2 cm to 1.5 cm of diameter. Pancreas of horse #1 was moderately enlarged, with an edematous aspect, and on the cut surface interlobular ducts were severely distended.
Histological examination of both livers revealed a mild (horse #2) to severe (horse #1) diffuse bridging periportal fibrosis, with hyperplastic biliary ducts, large amounts of macrophages containing brown pigment in the cytoplasm and mild (horse #1) to moderate (horse #2) inflammatory infiltrate composed by lymphocytes and plasma cells in portal areas (Fig. 3) . Hepatocytes adjacent to the portal Fig. 1 . Liver from horse #1. The liver was mildly enlarged and exhibited an orange-brown discoloration, besides multifocal to coalescing white streaks on the capsular surface. The common hepatic duct was markedly enlarged, containing in the lumen a 6 cm diameter rounded yellowish choledocholith. Bar, 6 cm. Inset: numerous 0.1-1.5 cm diameter rounded to irregular yellowish to orange choleliths were found in proximal bile ducts and a single large choledocholith was present in the common hepatic duct. Bar, 3 cm. HE. Bar, 500 mm. Inset: interlobular bridging fibrosis was evidenced with Masson's trichrome stain. Bar, 500 mm.
tracts were moderately enlarged with faint cytoplasm containing fine wisps and brown pigment (feathery degenerationdFig. 4). Also, in horse #1 close to periportal hepatocytes there was multifocal mild bile pigment leakage surrounded by macrophages and few lymphocytes (bile microgranulomasdFig. 4 inset). The common hepatic duct had a diffuse and severe ulceration of the epithelium, with an intense inflammatory infiltrate composed of neutrophils, lymphocytes, and plasma cells associated to moderate hemorrhage in the submucosa (horse #1), besides moderate fibroblasts proliferation and neovascularization (horses #1 and #2). Lobules and acinus of pancreas were dissected by severe multifocal edema and mild fibrous tissue proliferation (horse #1). Also, interlobular ducts were severely ectatic. On Masson's trichrome stain (Fig. 3dinset) , the interlobular bridging fibrosis was evidenced in liver sections (horses #1 and #2) and mildly in pancreas parenchyma (horse #1).
The telencephalic cortex presented diffusely mild (horse #2) to large amounts (horse #1) of Alzheimer type II astrocytes, which were arranged in groups of two to more cells, and moderate satellitosis around neurons. A severe multifocal perivascular and perineural edema with endothelial cells hypertrophy were also noted (horse #1). The cerebellum presented mild white matter vacuolization (status spongiosus) in both horses. Bacterial culture of liver samples and choledocholiths from both horses yielded no growth.
Discussion
This report describes cholelithiasis associated to secondary biliary hepatic fibrosis in two horses with hepatic encephalopathy along with its clinical and pathological findings. In both conditions, the term hepatic fibrosis was used instead of secondary biliary cirrhosis because of the histological criteria. Cirrhosis comprises the following three main features: hepatic cell necrosis, disruption of the lobular architecture with increased fibrous tissue proliferation, and nodular regeneration [8] . In both horses, hepatic cell necrosis and nodular regeneration were not observed, whereas bridging periportal fibrosis was the characteristic lesion.
Grossly, both livers presented bile ducts distended containing multiple choleliths; and in horse #1, a large choledocholith was found in the common hepatic duct. These have been previously described as causes of liver fibrosis in horses [2] . Horse #2 presented a severe right lateral liver lobe atrophy, which rather than being caused by biliary tract disease, was believed to result from recurrent colic, that may have caused a long-term compression with abnormal distention of the right dorsal colon and base of the cecum [9] . Commonly, cholelithiasis secondary biliary hepatic fibrosis is associated to liver enlargement [2, 8, 10] , as in horse #1.
Fibrosis in this case was defined as secondary because of the multiple choledocholiths and choleliths in the lumen of the hepatic common duct and bile ducts, which obstructed bile flow and excretion. It seems unlike that other causes of liver disease were present, and this was also supported by the microscopic findings of diffuse bridging portal fibrosis, proliferation and dilatation of bile ducts and biliary stasis in both horses, which have been previously described in similar conditions [2, 5, 10, 11] . Other differential diagnosis of icterus and fibrosis observed in this case could have been bacterial cholangitis or hepatitis and plant alkaloid-induced hepatotoxicity. Megalocytosis is a characteristic lesion of the plant alkaloid-induced hepatotoxicity [12] , and it was not observed in this case, as in others [5, 13] . Bacterial cholangitis or hepatitis can be associated with ascending infection from the GI tract and may occur concurrently with cholestasis and the formation of choleliths [14] . However, bacterial culture of samples from both horses yielded no growth, with no evidence of ascending infection on histopathology. Larger stones may cause pressure necrosis and ulceration of the mucosa [12] , as it was observed in horse #1 with a chronic active inflammation in the common hepatic duct. These findings are suggestive of an intermittent biliary obstruction over a prolonged period [2] . Other findings of the present cases that supported this hypothesis were the feathery degeneration of hepatocytes in both horses, which is a hydropic change that occurs in hepatocytes suffering a prolonged cholestasis [12] , and the multifocal bile microgranulomas in horse #1, which have been also described as indicative of cholestasis both located throughout the sinusoids [4, 10] , as well as in and around the centrilobular zone [2] .
The risk for biliary calculi increases with age, and generally most affected horses are older than 9 years [15] , with severe calculi generally observed [16] , as in both horses of the present study. Cholelithiasis is more common as an incidental finding of necropsy [11] , as it was in horse #2, but may also result in a clinical condition with progressive weight loss as a consequence of hepatic fibrosis [6, 13] , anorexia, jaundice, pyrexia, depression [11] , and intermittent colic because of partial obstruction of the duodenal lumen by biliary calculi pressing the major duodenal papilla [2, 5] . In horse #1, the major duodenal HE. Bar, 50 mm. papilla was partially prolapsed into the duodenum lumen; however, no clinical sign of colic neither any intestinal obstruction was observed.
Horse #1 presented clinical signs and pathological lesions that were characteristic of an hepatic encephalopathy, which was probably caused by an increase in blood ammonia concentration [9] . Secondary biliary hepatic fibrosis may cause this condition with clinical signs of head pressing, weaving in stall, unresponsiveness to auditory or tactile stimuli, evolving to severe depression, and ataxia [11, 13] . The neurological findings of horse #1, such as large numbers of Alzheimer type II astrocytes, have been linked previously to hepatic encephalopathy in horses [17] .
The pancreatic duct runs parallel to the bile hepatic common duct before opening alongside at the major duodenal papilla, and obstruction by a choledocholith would not consequently affect pancreatic flow [5] . However, grossly the pancreas of horse #1 was enlarged and edematous, and microscopically it showed a severe interlobular edema and mild fibrosis. These gross findings were previously described in a horse [2] , supporting the hypothesis that the choledocholith may also have caused the obstruction of the main pancreatic duct, causing a subacute or recurrent pancreatitis.
Conclusions
Secondary biliary hepatic fibrosis should be considered as a differential diagnosis in horses presenting clinical signs of hepatic encephalopathy and icterus. Histological examination of the liver with diffuse bridging portal fibrosis, hyperplastic biliary ducts, feathery degeneration of hepatocytes and bile microgranulomas, without megalocytosis, are characteristic of this condition. Pancreatitis may occur as a consequence of common hepatic duct obstruction.
